Increased microglia activation and neuroinflammation within autonomic brain regions have been implicated in stress-induced hypertension (SIH). The circadian clock affects physiological cellular and biological processes, including blood pressure (BP) control, but the mechanisms remain unclear. Microglia possess endogenous timekeeping mechanisms regulate immune responses. Here, we explore whether SIH is associated with disrupted diurnal rhythms in microglia proinflammatory factors (PICs) releasing. We found that SIH exhibit diminished BP circadian rhythms, which showed non-dipper hypertension. Microglia isolated from the rostral ventrolateral medulla (RVLM) of SIH rats had aberrant PICs releasing and CLOCK rhythms, while microglia from control rats exhibited robust rhythms of PICs expression both ex vivo and in vivo. In the RVLM, stress upregulated CLOCK expression which is independent of time of day in comparison with that of control. We further identified that upregulated CLOCK depressed sirt1 expression thereby increased oxidative stress-related HMGB1-PICs releasing in microglia in RVLM of SIH rats. In conclusion, the disrupts intrinsic circadian rhythms of microglia-derived PICs releasing involves in pathogeneses of non-dipper hypertension in stressed rats.
Introduction
Evidence shows that chronic psychosocial stresses activate various neurogenic pathways such as sympathetic nervous system (SNS), which is pivotal in triggering stress-induced cardiac and vascular events [1] . Our previous studies identified that interventions of electric foot-shock combined with noise stress induced a chronic increase in systolic blood pressure (SBP) in rats [2] . The sympathetic outflow is controlled by important nuclei and their circuits in the central nervous system (CNS), critically the hypothalamic paraventricular nucleus (PVN), the rostral ventrolateral medulla (RVLM) and the nucleus tractus solitaries in hindbrain [3] .
Increased microglia (MG) activation and neuroinflammation within autonomic brain regions have been implicated in stress-induced hypertension (SIH). Our previous study showed that central anti-inflammatory treatment by minocycline significantly alleviated SIH [2] . The alarmin high mobility group box-1 (HMGB1) has been implicated as a key factor mediating neuroinflammatory processes. It was shown that HMGB1 is also a critical mediator of stress-induced priming of the microglial pro-inflammatory response to a subsequent immune challenge. Recent findings suggest that the disulfide form (ds-HMGB1)
is pro-inflammatory [4] . However, the mechanism(s) by which HMGB1 exerts these neuroinflammatory effects in SIH has not been clarified. Microglia is the primary innate immune cell of the CNS exhibit diurnal rhythms in clock genes and inflammatory potential [5] . It follows that several aspects of the immune system are regulated by the circadian system and disruption of the circadian system is linked to inflammatory pathologies including cancer, metabolic disorder, and premature aging [6; 7] . Blood pressure (BP) usually exhibits a circadian rhythm, which is characterized by lower BP while sleeping and higher BP during the day. Hypertension typically manifests as one of four patterns: (i) normal BP dipping (10-20% drop in mean asleep versus awake BP); (ii) extreme-dipping (>20% drop in mean asleep versus awake BP); (iii) non-dipping (<10% drop in mean asleep versus awake BP); and (iv) reverse dipping (average asleep BP is higher than awake blood pressure). The latter three types are generally considered to be abnormal circadian BP rhythm [8] .
Several clock gene transcripts, such as circadian locomotor output cycles kaput (Clock) exhibited oscillatory diurnal rhythmicity in microglial BV-2 cells, However, little attention has been paid to the functional role of intrinsic circadian clock system in microglial cells [9] . Therefore, we investigated the involvement of the microglial clock system in the regulation of pro-inflammatory cytokine expression and releasing. The protein deacetylase, sirtuin 1 (SIRT1), shows circadian oscillation and regulates the circadian clock. SIRT1 is a NAD(+)dependent protein deacetylase that governs many physiological pathways, including SIRT1 in the brain governs central circadian control by activating the transcription of the two major circadian regulators, BMAL1 and CLOCK [10] . Microglial isolations take several hours and it is unclear whether the cells continue to oscillate throughout the isolation procedure and during the subsequent incubation. Hippocampal microglia sustain clock gene oscillations ex vivo. Laura K. Fonken et al. identifies that microglial clock gene expression likely continues to oscillate ex vivo, which set a model for our experiment design in ex vivo [5] . We explore whether nondipper hypertension is associated with disrupted diurnal rhythms in RVLM microglia proinflammatory factors (PICs) releasing in SIH rats. Our results suggest the disrupted circadian of CLOCK resulted in HMGB1 activation via sirt1-dependent oxidative stress in the RVLM. Abnormal CLOCK-sirt1-HMGB1 caused the aberrant circadian rhythms of microglial inflammatory factors releasing contributes to non-dipper hypertension. 
Materials and methods

Drugs and reagents
Animals
Wild-type male Sprague-Dawley rats (8-week-old, 250-300 g) were obtained from the animal centre of Fudan University. Cre-CX3CR1/HMGB1 fl/fl and Cre-CX3CR1/CLOCK fl/fl mice were purchase from the Jackson Laboratory. All experimental procedures were approved by the Fudan University Animal Care and conformed to the guidelines by the Institutional Ethics Committee; all efforts were made to minimize the number of animals used and their suffering. The animals were housed on a 12-h light/dark cycle (lights on at 07:00 am) in a temperature-controlled room with standard 22±2 • C and with food and tap water ad libitum.
There were randomly divided into the following groups: normotensive rats (control), stress-induced hypertension (SIH), SIH+EX 527 (the selective Sirt1 inhibitor) (5 mg/kg, injected intraperitoneally once daily following the same routine) [11] , SIH+SRT1720 (the selective Sirt1 activator) (100 mg/kg, injected intraperitoneally once daily following the same routine) [12] . The SIH model of rat was established as previously described [2] . Sample size in this section of the study consisted of 6 rats per group. Studies were replicated at least 3 times.
Microglia isolations and ex vivo treatments
RVLM microglia were isolated as we described previously [13] . Cells were grown in Eagle's minimum essential medium containing 10% heat-inactivated fetal bovine serum (FBS) (Invitrogen, Carlsbad, CA), 100 U/ml of penicillin and 100 μg/ml of streptomycin in a humidified atmosphere of 5% CO2 at 37°C. Glucocorticoid (10 nM), EX 527 (5 μM) and SRT1720 (100 nM) were used to treat microglia. The concentration and time of incubation of microglia with all the reagents has been reported[14; 15].
RNA isolation and qPCR analysis
Total RNA was isolated from microglia using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer's instructions. cDNA was transcribed and SYBR-Green-based real time quantitative PCR was performed as we described previously [13] . 
Immunofluorescent staining
Immunofluorescence technique was used as we previous described [13] .
Intracellular ROS detection
Total intracellular ROS was determined by staining microglia with ROS-specific fluorescent probe dichlorofluorescin diacetate (DCFH-DA) according to the manufacturer's protocol.
Western blotting assay
Total proteins were extracted from the isolated microglia and/or RVLM tissue following immunoblotting as we previous described [13] .
Immunoprecipitation
To assess the HMGB1 acetylation, immunoprecipitation assay was performed following a previously reported protocol [16] . The resulting immunoprecipitate and input were separated by SDS-PAGE and probed with anti-HMGB1 or anti-Acetylated-Lysine antibodies in immunoblotting.
disulfide-HMGB1 detection
After immunoprecipitation, N-ethylmaleimide was used to block unpaired cysteines of HMGB1. After using Tributyl phosphine to reduce disulfides of HMGB1, Biotin-maleimide was used to label the free cysteines and then analyzed by SDS-PAGE[17; 18].
Statistical analyses
All data are presented as mean ± standard error of the mean (SEM). For experiments that involved two groups of samples, Student's unpaired t test was used. For experiments that involved multiple groups, one-way or two-way analysis of variance with repeated measures were used to assess group means. Rhythm data were further tested for a fit to a 24 h cosinor curve using CircWave analysis software. P < 0.05 was considered statistically significant.
Results
Stress-induced increased HMGB1 thereby disruption of rhythmic microglial inflammatory cytokine releasing in RVLM
To evaluate potential rhythmic expression of microglial activation markers in control and SIH RVLM, RVLM was collected from both group rats during the middle of the light (ZT6) or Fig 1 K) . The blood pressure in Cre-CX3CR1/HMGB1 fl/fl mice was decreased and its circadian rhythm was restored (p < 0.05, Fig 1 L) . These results showed that microglia from SIH rats lack diurnal rhythms in inflammatory cytokine releasing, which mediated by sustained HMGB1upregulation in RVLM of SIH rats
Microglia isolated from the RVLM of SIH rats displaying disrupted oscillations of CLOCK gene rhythms ex vivo, which mediated HMGB1upregulation and cytokine expression rhythms disruption
First, we sought to determine whether microglia isolated from the RVLM of SIH rats have altered clock gene expression. RVLM microglia were isolated rats at 6 h intervals (ZT0/24, ZT6, ZT12, and ZT18), and the expression of several circadian clock genes (Per1, Per2, BMAL1 and CLOCK) was assessed. The Per1 (Fig 2 A) , Per2 (Fig 2 B ) and BMAL1 ( 
Discussions
Here, we reveal that rhythms in CLOCK gene observed in microglia isolated from the RVLM of are disrupted in SIH rats. Second, we demonstrate that the sustained high It was noted that activated microglia are the major trigger of neuroinflammation and oxidative stress, which are associated with sympathetic excitation and hypertension in rats [2] .
HMGB1 is a nuclear protein that functions as a danger associated molecular pattern (DAMP), which is released into the extracellular milieu to signal cellular damage, cellular stress, or pathogen insult (Bianchi, 2007) . By targeted knockdown of RVLM microglia in mice, we have found that HMGB1 mediates the neuroinflammatory priming effects of stressors and that HMGB1 is sufficient to prime the neuroinflammatory responses .
Interestingly, these priming effects of HMGB1 were contingent upon the redox state of HMGB1 such that maily the disulfide form of HMGB1 induced priming. However, it is important to consider that all nucleated cells are a potential source of HMGB1 given its constitutive role as a DNA binding protein (Yang et al., 2013) . Of note, stress-induced secretion of HMGB1 in the CNS has not been demonstrated [14] .
SIRT1 is the founding and most well-studied member of the mammalian sirtuin family.
SIRT1 is known to deacetylate FOXO3a, which has been found to induce antioxidant responses via modulation in SOD2 and CAT, FOXO3a has further been shown to regulate mitochondrial gene production, resulting in modulated ROS levels [19] . It is a master metabolic regulator, has been shown to be regulated by various transcriptional factors. In this study, we demonstrate that the expression of SIRT1 is regulated by one of the core circadian transcription factors, CLOCK. It has been reported that SIRT1 binds to CLOCK, BMAL1, and PER2 and deacetylates BMAL1 and PER2 to regulate the circadian clock [20] . In combination with our findings, CLOCK and SIRT1 might coordinate to regulate HMGB1 and microglia function. Recent evidence suggests both 24-h BP and abnormal circadian rhythm BP are closely related to higher instances of cardiovascular disease (CVD)
Our results showed increased inflammation and oxidative stress, are significantly higher in the non-dipper hypertension, which is consistent with the previous study [21] . It was reported that the risk for adverse cardiovascular events in human peaks in the morning, possibly due to the effects of the endogenous circadian system on cardiovascular risk factors, or the occurrence of mental stress. Mental stress increased hemodynamic function, sympathovagal balance and epinephrine, and decreased cardiac vagal modulation. Endogenous circadian variation occurred in all cardiovascular measures: sympathovagal balance peaked in the circadian morning (∼9 AM), cardiac vagal modulation in the circadian night (∼4 AM), and heart rate and circulating catecholamines in the late circadian morning/early afternoon (∼12 PM) [22] . Importantly, the effects of stress and the endogenous circadian system on cardiovascular function occurred in conjunction, and how about the neuroinflammation affected stress-induced unrhythmically sympathovagal balance, which need to be further investigated. and there were no differences between SIH and control group. In contrast, CLOCK was differentially expressed in microglia isolated from control but not SIH rats. A 24 h rhythm in CLOCK was not detectable in microglia isolated from SIH rats (D). The expression of RVLM microglial inflammatory factors TNF-α (E) and IL-1β (F) showed a significant circadian rhythm in the control and CLOCK knockout microglia. Represented immunoblot showed the expression of stress-related protein HMGB1 in microglia (G-H). The blood pressure in Cre-CX3CR1/CLOCK fl/fl mice was decreased and its circadian rhythm was restored (I). Data were analyzed using a 2 × 2 ANOVA with stress and time as the between subjects factors; results were further analyzed using CircWave for fit to a 24 h cosinor curve.
Figure legend
All data are expressed relative to β-actin and presented as mean ± SEM. In all cases, p < 0.05. reduces the blood pressure of SIH rats and restores the circadian rhythm of blood pressure.
Data are expressed as mean ± SEM. In all cases, p < 0.05. scale bar=20 μm 
